Hermann in 1934) can not produce any trace of acid from glucose whereas acetic acid production from ethanol was notable.
A similar phenomenon had been recorded by Henneberg (1926) (9 and also reported by Tosic and Wakler (1946) (10 with Acetobacter ascendens (Lister Institute, Reference Number, 4937) which usually failed to form acid from glucose.
On the contrary, as will be described in the text the authors recognized that two species of the oxidative bacteria assignable to Acetobacter genus by the currently adopted view of texonomy are scarcely able to oxidize ethanol to acetic acid, in spite of the fact that their gluconic acid accumulation is markedly high. These strongly suggest that some taxonomic segregation should be taken in consideration even in the bacterial group which has been currently assigned to the genus Acetobacter, because the name of Acetobacter should undoubtedly be given to the acetic acid producing bacteria.
Most interesting from the taxonomic point of view is the recent study of Leifson (1954) (11) who demonstrated the existence of peritrichous flagella in some commonly recognized species of Acetobacter.
This author concluded that the present Acetobacter genus must be divided into two genera : Acetobacter and Acetomonas gen. nov. According to Leif son the re-defined Acetobacter genus should include only peritrichously or non-flagellated species of similar physiology.
Since this discovery seemed to afford an important key to the classification of Acetobacter or analogeous oxidative bacteria, the authors therefore carried out experiments to examine whether the motile species of Acetobacter and Gluconobacter stocked in our laboratory are polarly flagellated or peritrichously flagellated by electronmicroscopic observations not only with the staining method . And, it was ascertained unexpectedly that there exist two distinct types of flagellation as had been demonstrated by Leif on, a polar type which is exclusively limited to the motile species of our nominated Gluconobacter genus and a peritrichous type, which is assigned to the motile species of our re-defined Acetobacter genus. This paper concerns with the studies supporting generic separation of present genus Acetobacter into two genera:
Acetobacter and Gluconobacter gen. nov. from the standpoint of their types of flagellation and their biochemical characteristics.
MATERIALS AND METHODS

Test organisms.
The organisms used in this work were as follows. Shape and size of cells. Examinations were carried out by means of stained slides. Preparations were made from cultures grown at 30°C for 24 hours on slopes of koji extract agar containing CaCO3, or plus 4% ethanol in the case of Acetobacter species.
Arrangement of cells and motility. Examinations were carried out in hanging-drop preparations with the cells grown on slopes of the abovementioned media at 30°C for 15 hours.
Flagellation. This characteristic was observed with the motile cells by a Electronmicroscope of the Hitachi H-10 type (employing the chrom-shadow method). Flagellation was also sought with application of the staining method of Leifson~l`').
Staining. The ordinary staining of vegetative cells was done with Loefer's methylene blue and carbol f uchsin. Gram stain after Hucker's modified method~13~ and detection of spores after Dorner's staining method~l4~ gave negative results in all strains.
Cultural characteristics. The growths on koji extract agar slopes containing CaCO3 and in yeast extract (1% w/v dry baker's yeast) containing 3% glucose were observed respectively at 30°C.
Physiological characteristics.
Optimum temperature for growth was tested with the inocula which simultaneously incubated at 20°C, 25°C, 30°C and 37°C in yeast extract glucose media (after, designated as Y. G, for brevity) and was observed after intervals of 24 hours. Optimum pH for growth was determined with the cultures in Y.G., adjusted to a pH range of 2.5-7.5 at 0.5-intervals. Degree of growth was observed after 24 hours at 30°C.
Biochemical characteristics. Oxidation of acetate and lactate ; 1) Peptone yeast extract composed of 0.3 per cent peptone (Takeda) and 0.2 per cent yeast extract added with 0.002 per cent bromthymol blue as an indicator was used as the basal medium and each substrate was added to a 0.2% concentration as sodium salt. The initial pH was adjusted to 6.4 and was incubated with the inoculum for a period of two weeks at 30°C. Whenever the substrate was oxidized to completion the medium became alkaline. The basic medium alone was also examined. 2) The reduction of 2,6-dichlorophenolindophenol in Thunberg tube was also examined for acetate oxidation. In the main vessel of the Thunberg tube, 1 ml of 0.25 M Na-acetate, 1 ml of 10 M 2,6-dichlorophenolindophenol and 2 ml of M/15 phosphate buffer were introduced and in the side vessel, 1 ml of cell suspension (5 mg dry weight) was put in. After it was vaccumed up, the contents were mixed and the tube was placed in a water bath at 30°C. The discoloration of 2,6-dichloro-* This species is designated as Acetobacter roseus in Bergey's Manual of Determinative Bacteriology, 7th Edition (1957) . VOL. phenolindophenol due to the dehydrogenation of acetate was examined. Oxidation of ethanol and glucose : 1) The Thunberg method was adopted as in the case of acetate oxidation using 0.25 M ethanol or 0.25 M glucose as the substrate.
Oxidative power (I) was designated as follows.
I=100` A BI
A: Time required for complete reduction of 2,6-dichlorophenolindophenol (min) B: Time required in the blank test without the substrate (min) 2) The yields of acetic and gluconic acids were determined.
In one series of experiments, 100 ml of 1 per cent yeast extract containing 1 per cent ethanol in a 300 ml Erlenmeyer flask was inoculated with the cells and incubated at 30°C for 30 days. Maximum acidity during the incubation was titrated at two days intervals and calculated as acetic acid (per cent to ethanol).
In another series of experiments, 5 per cent glucose was substituted for ethanol and incubated in a shaking state at 30°C for 10 days. The acidity was determined by titration and it was calculated as gluconic acid (per cent to glucose).
Oxidation of polyhydric alcohols : As substrates mannitol, sorbitol and glycerol were used. One per cent yeast extract containing 3 per cent of each substrate was inoculated with the cells and incubated at 30°C in a stationary state. After 10 days' incubation, reductive power of broth was determined by the Fehling-Lehman-Schoorl method and calculated as fructose, sorbose and dihydroxyacetone (per cent to the substrate) respectively. The formation of the substances of positive ferric chloride reaction from D-glucose, D-galactose, L-sorbose and D-fructose : The basal medium consisting of 1 per cent yeast extract, added with the carbohydrate mentioned above in a 5 per cent concentration was inoculated with the cells. After 12 days' incubation in shaking culture at 30°C, the broth was tested for color reaction with 1 per cent FeCl3 aqueous solution.
The acid formation from various carbohydrates and alcohols : One per cent yeast extract was used for the basal medium.
Each substrate was added in a 1 per cent concentration.
Acid formation was tested by titration with 0.1 N NaOH after the incubation at 30°C for 14 days in a stationary state.
The inversion of sucrose: This was tested by the reduction of Fehling's solution of each broth, initially containing 3 per cent sucrose and incubated for 5 days long in stationary culture at 30°C.
Liquefaction of gelatin: This characteristic was tested with the stick gelatin culture consisting of yeast extract, 1 per cent glucose and 2 per cent gelatin during incubation at 20°C.
Catalase reaction: This was tested with 3 per cent H2O2 aqueous solution by the ordinary method. 
RESULTS
Morphological characteristics. All species are gram-negative short rods. Arrangements single or in pairs. Size 0.5 to 0.8 by 0.8 to 1.5 microns. Motility and flagellation are shown in Table 1 and electron micrographs are shown in Fig. 1-7 . It is very noteworthy that all the motile species mentioned under the dotted line in the table are polarly flagellated contrary to the peritrichous flagellation of known typical Acetobacter species.
This fact completly coincides with Leif son's observation on his nominated Acetomonas genus. However, these polarly flagellated species are thought to be reasonably assigned to genus Gluconobacter, which had been proposed by one of the authors (T. Asai~7~) in 1935 for the segregated group of oxidative bacteria from Acetobacter by virtue of their oxidative behavior to glucose, ethanol and acetic acid, differing markedly from typical Acetobacter species. These views will be supported in subsequent experimental data.
Cultural characteristics.
On koji extract agar slopes containing CaCO3, all strains of Acetobacter and Gluconobacter dissolved CaCO3 completely or incompletely during the incubation, and the strains belonging to Gluconobac r ter were divided into three groups viz.:
Group I. Moderate growth, filiform, flat, glistening. The color of colonies turns to rose : G. roseus, G. scleroideus. Group II. Moderate growth, filiform, flat, glistening and the color of grown cells is reddish brown turning to dark brown. Old culture produces dark brown pigment in the medium:
G. malanogenus (A. melanogenus), G. liquefaciens (identical with G. melanogenus). Group III. Rather limited growth, filiform, flat, glistening.
Colonies are covered with Ca-5-ketogluconate during the incubation:
G. gluconicum (A. gluconicum), G. suboxydans (A. suboxydans), G. cerinus. The strains belonging to Gluconobacter have a tendency to give rather turbid growth in Y. G, medium than Acetobacter and only thick pellicle formation was recognized with A. xylinum (Table 1) .
Physiological characteristics. Optimum temperature and pH for growth: There were seen no remarkable differences between the two genera, but the optimum temperature for growth of Gluconobacter was somewhat lower (Ca 25°C) than Acetobacter (Ca 30°C) except for A, pasteurianus, A. aceti Strain 28 and A. aceti Strain 37.
Both genera grew well in acidic medium. The optimum pH for Acetobacter was rather acidic as shown in Table 2 .
Biochemical characteristics. All of the strains belonging to Acetobacter produced alkaline reaction with the medium containing Na-acetate and Nalactate, whereas the strains of Gluconobacter with the exception of G. liquefaciens and two strains of G. melanogenus produced a slight acidic reaction (Table 3 ). In the basic medium alone (i.e. in absence of the substrates) some strains produced an acidic reaction, some allowed the medium to re- main neutral, and some produced a slight alkaline reaction.
From the above results it should be pointed out that the strains of Acetobacter oxidize acetic or lactic acid to C02 and H2O as was ascertained by Leifson, it could not be ascertained, however, that all the strains belonging to Gluconobacter (nominated as Acetomonas according to Leif son) are unable to oxidize these substrates to C02 and H2O. Indeed, besides G. liquefaciens, two strains of G. melanogenus were observed to make the medium strongly alkaline.
The same oxidative behavior to acetic acid was also confirmed by the experiments using Thunberg tube (Table 3) .
The values of the oxidative power (I) to ethanol with the strains of Acetobacter were observed to surpass the values in glucose oxidation or at least, to retain the same values that appeared against the latter substrate. Contrary to this, a reverse result was obtained with the strains of Gluconobacter (Table 4) .
In another experiment concerning the acid production from ethanol and glucose, there appeared some analogeous phenomena as mentioned above, i.e., the gluconic acid production with the strains of Gluconobacter was always observed in a high level (the acid produced from glucose was identified as gluconic acid by paper chromatography and a small amount of 2-ketogluconic or 5-ketogluconic acid was detected) compared to acetic acid production, while in Acetobacter the productivity of acetic acid always dominated though the relationship of the production of the two acids was not so distinct as observed with Gluconobacter (Fig. 8) .
More distinct biochemical specificities between these two genera were recognized in their ketogenic properties to mannitol, sorbitol and glycerol as shown in Table 5 . All strains belonging to Gluconobacter were capable of oxidizing these polyhydric alcohols and produced the corresponding ketogenic compounds in rather high yields, whereas the strains of Acetobacter with the exception of A. xylinum and A. dioxyacetonicus could not produce any ketogenic compounds from sorbitol and glycerol and further, strains except A. aceti Strain 37 and Strain 28, A. xylinum and A, dioxyacetonicus, almost lacked the ketogenic activities to mannitol.
In our previous experiments (1936(', 1955at16~, 1955b('7~) , it was proved that G. liquefaciens produced comenic acid from galactose, rubiginic acid and rubiginol from glucose and kojic acid from fructose. Aida et al. (1956) (18) reported that isokojic acid, an isomer of kojic acid, was also produced from 
Acetic
Acid formed from Ethyl Alcohol and Gluconic Acid formed from Glucose.
The Taxonomy  of Acetobacter  and Allied Oxidative  Bacteria  301 fructose by G. roseus. As these metabolic products mentioned above have positive ferric chloride reaction (red color), the authors examined whether the substances having positive ferric chloride reaction are being produced or not from D-glucose, D-galactose, L-sorbose and D-fructose respectively with the two genera of Acetobacter and Gluconobacter. The experimental result is shown in Table 6 . A remarkable fact is that all the strains of Acetobacter could not produce any substances giving a positive ferric chloride reaction, contrary to the strains of Gluconobacter which were able to produce such substances from D-fructose and moreover, the brown pigment producers (G. liquef aciens and G, melanogenus) were able to form such substances from D-glucose and D-galactose ; furthermore, the strains of rose coloured colonies (G. roseus and G. scleroideus) were recognized to form such substances from sorbose. G. gluconocum also gave a positive ferric chloride reaction in the fermentation broth of sorbose. These specific characters should be pointed out as an important biochemical difference between these two genera.
There appeared some noticeable phenomena in acid formation from carbohydrates and alcohols with regard to both genera (Table 7) . Generally, the strains of Gluconobacter have a wide possibility to form acid from carbohydrates and polyhydric alcohols and especially it may be noted that the ability to form acid from sorbose, mannitol, erythritol, sorbitol and inositol are almost limited in Gluconobacter whereas, the strains of Acetobacter show a strong acidification of primary alcohols such as ethyl alcohol, n-propyl al- Red Color Reaction cohol, n-butyl alcohol and i-butyl alcohol. However, it is of interest to note that methyl alcohol was the only substrate to be attacked by Gluconobacter. None of the strains gave rise to gas evolution in yeast water containing each substrate.
Inversion of sucrose was observed with A. asetosum, A. xylinum and the strains of Gluconobacter excepting G. melanogenus strain AC-8 and G . suboxydans ATCC 621.
All the strains gave a positive catalase reaction and failed to liquefy gelatin*.
DISCUSSION
From the results of the authors' experiment and also from Leif son's observation, it is clear that peritrichously flagellated species exist in currently adopted genus Acetobacter.
In Bergey's Mannual of Determinative Bacteriology, 7th edition (1957), some descriptions with respect to those of Leif son's observation are noted. However, the editors pointed out that additional photographs such as those which can be obtained with the electron microscope must be obtained before the exact point of attachment of the flagella can be determined with certainty.
This doubt is thought to be dissolved by the author's electron microscopic observation and therefore, a very unreasonable phenomenon from the taxonomic point of view is that peritrichously flagellated species are included in genus Acetobacter, a genus belonging to the family Pseudomonadaceae, so far as this family is being limited to the polarly flagellated or nonmotile species.
A second unreasonable point is that both polarly, and peritrichously flagellated species are assigned to a single Acetobacter genus.
Therefore, Leif son proposed to set Acetomonas gen. nov. which includes only polar multitrichous species and nonflagellated species with a similar physiology, and further concluded that the genus Acetomonas seems to be most appropriately placed under the category of family Pseudomonadaceae, but the redefined Acetobacter genus seems to be more logically fitted into another family.
As mentioned in the beginning of this paper one of the authors, T. Asai7~, has proposed to segregate a group which is scarcely or weakly able to produce acetic acid from ethanol, although its gluconic acid accumulation is very high, from the currently known genus Acetobacter and, a new genus Gluconobacter gen. nov. was given to assigne such bacterial group, and furthermore, the keys for identification of these two genera were also proposed on the basis of morphological, physiological and especially biochemical properties.
At that time, however, the author did not find the existence of peritrichously flagellated strains in Acetobacter and Gluconobacter genus. As * G . liquefaciens: Liquefied gelatin when it was isolated. The loss of this ability might be due to the variation or other causing factors during the long laboratory cultivation it was thought to be a very interesting and important finding that Leifson discovered such strains in the currently known Acetobacter genus, the authors reexamined the type of flagellation of all the strains of both genera stocked in our laboratory.
As it is described in the text, a clear result was obtained which shows that a polar type is exclusively limited to the motile species of Gluconobacter genus, contrary to a peritrichous one which is exclussively oxidative behavior of Gluconobacter genus to acetate must be cited.
As it had been demonstrated by Leif son it was certified by the author that peritrichous species and non-flagellated species of a similar physiology (Acetobacter genus) are able to oxidize acetate to CO and H2O, but all the species belonging to Leif son's proposed Acetomonas genus-Gluconobacter genus according to our taxonomic point of view-are not necessarily able to oxidize acetate, viz.; G. liquefaciens and two strains of G. melanogenus, nevertheless of which are clearly polar flagellated were able to oxidize acetate to CO and H2O.
This finding seems to be the only one point disagreeing with Leif son's observation.
The three strains above-mentioned are mart ally different in cultural characteristics from other strains of Gluconobacter genus, especially of their reddish brown colors of grown cells and their formation of reddish brown pigment in glucose containing media.
Turbidity of the liquid culture, representing the degree of growth in liquid phase is generally said to be heavier in Gluconobacter genus rather than in Acetobacter genus and contrary pellicle formation in the liquid surface is scarcely recognized with the strains of Gluconobacter.
This phenomenon should be pointed out as one of the differed characteristics between these two genera.
Secondly, the optimum temperature for growth of Gluconobacter genus lies at a level lower than that of Acetobacter genus. This fully agreed with the author's earlier experiment (1934)('.
Above all, we must take in consideration the biochemical characteristics of these two genera, because the segregation of new genus Gluconobacter from the currently known Acetobacter genus is based mainly upon the standpoint of oxidative behavior to glucose and ethanol.
In concern with acetate oxidation, we confirmed that overoxidation always occurred in Acetobacter genus and only in the reddish brown pigment producers of Gluconobacter genus as mentioned above.
This fact is doubtless, a distinguished characteristic of both genera. Besides this, the ability to oxidize glucose or ethanol, and the direct productivity of gluconic acid or acetic acid are supposed to produce most important significance toward taxonomic consideration.
According to our present experiments, the oxidative power to ethanol, estimated by Thunberg's method, surpassed or at least remained in the same level of that to glucose in Acetobacter genus, while a reverse phenomenon was observed in the strains of Gluconobacter.
Further, it was confirmed that gluconic acid was accumulated in a high level surpassing acetic acid with all the strains of Gluconobacter, and am ng them G. suboxydans Strain H-15 and G. cerinus Strain 24 were found to be scarcely able to produce acetic acid. On the other hand, acetic acid accumulated to a great extent in Acetobacter genus, as compared with the strains of Gluconobacter.
In some species (A. xylinum, A. acetosum and A. pasteurianus) gluconic acid accumulation resulted in a rather high level as compared with actic acid level, however, the following conclusion should not be deduced from this phenomenon-that the productivity of acetic acid in these species is weak, because the overoxidation of acetic acid occurred necessarily in these species.
The fact that A, ascendens failed to produce even a significant amount of gluconic acid and usually failed to form acid from glucose in the acid formation test seems to be very noticeable considering the fact that there exist some strains, as described above, which are scarcely able to produce acetic acid from ethanol in Gluconobacter genus.
On the basis of this contradistinctive fact, we can divide the so-called genus Acetobacter into two groups; a bacterial group mainly oxidizing glucose to gluconic acid and another group mainly oxidizing ethanol to acetic acid. So far as this differentiation exists, it seems more reasonable to set a segregated genus Gluconobacter gen. nov. instead of genus Acetomonas Leif son. Although the reason in support of this segregation has already been stated in the type of flagellation, the oxidative behaviour to polyhydric alcohols may also be considered as a justification of this generic segregation. Genus Gluconobactey exhibits a wide range of ketogenic activities to mannitol, sorbitol and glycerol, whereas the strains of Acetobacter exhibited this activity only to mannitol except for A. xylinum and A, dioxyacetonicus.
Hermann and Neuschul (1931)(20) had proposed to classify the acetic acid bacteria into two groups:
One is ketogenic-and the other is non-ketogenic acetic acid bacteria according to the oxidative behavior to polyhydric alcohols, however their proposal remained on a premise of specific rearrangement within a single genus Acetobacter.
Most remarkable is the ability of Gluconobacter genus to form certain substances from glucose, galactose, sorbose and fructose, giving a reddish violet color reaction with ferric chloride aqueous solution, contrary to the perfect lack of this ability in Acetobacter genus.
According to Takahashi and Asai (1933) (21), Aida et al. (1956 )(18) Aida, (1955a (18), (17) and Ikeda (1955) ('22) , the formation of kojic acid and isokojic acid from fructose, comenic acid from glucose and galactose, new y-pyrone compounds from glucose nominated as rubiginol and rubiginic acid were confirmed by some strains of Gluconobacter genus.
Therefore, the substances presenting the positive ferric chloride reaction most probably seem to be the y-pyrone compounds stated above. These characteristics surve as a powerful standpoint to distinguish genus Gluconobacter from Acetobacter genus.
From the reasons described above, it is reasonable to separate a peritrichously flagellated and non-flagellated species with a similar physiology from the currently known Acetobacter according to the taxonomic point of view as has been proposed by Leif son and it was agreed to assigne it redefined Acetobacter genus.
However, the assignement of polarly flagellated species and non-flagellated species with a similar physiology to the new genus Acetomonas gen. nov. proposed by Leif son seems to be rather unreasonable, because Acetomonas genus lacks in producing a remarkable amount of acetic acid from ethanol as compared with redefined Acetobacter genus, and it is rather proper to accumulate gluconic acid to a high extent. Accordingly, with the same reasons of nomenclature given to Acetobacter, we strongly propose to nominate the gluconic acid accumulating group which is polarly flagellated or non-flagellated species with a similar physiology as Gluconobacter gen, nov.
Thus, the classification of both genera and sub-classification in each genus present a question to be discussed.
In accordance with Leif son's observation A. melanogenus B-58, B-63, A. melanogenus var. maltovorans and A. melanogenus var. maltosaccharovorans, belonging to Acetomonas gen. nov. proposed by him were not able to oxidize acetic acid, however according to our experiments the three strains of G. liquefaciens, G. melanogenus Strain AC-8 and Strain U-4 were observed to be acetic acid oxidizer and polarly flagellated.
The two other strains of A. melanogenus ATCC C-58 and B-63 were identical with Leif son's observation.
Though it is not clear whether such inter specific difference of biochemical character is due to mutation or other causing factors, the authors, at present consider the above three strains to be of a specific type of Gluconobacter genus.
Frateur's (1950)(23) scheme for the classification of Acetobacter is comprised of the idea mainly based upon the biochemical standpoint, namely, after his classification, the first Peroxydans group which lacks in catalase formation and gluconic acid accumulation, the second Euoxydans group which is able or scarcely able to produce gluconic acid and non-ketogenic, the third Meoxydans group which is able to produce a remarkable amount of gluconic acid and ketogenic, all of which are acetic acid oxidizers and also capable of oxidizing lactate to CO2 and H20.
In accordance with our opinion, it is necessarily demonstrated that these groups including Peroxydans type-this type was not encountered in our present investigation-belong to redefined genus Acetobacter from the reason of their flagellation type and physiological properties.
The fourth Suboxydans group, which does not oxidize acetic acid (at present, including the strains of acetate oxidizing type of A, melanogenus) and is able to accumulate a great amount of gluconic acid and ketogenic, and moreover was revealed to be polarly flagellated or non-flagellated with a similar physiology after our inspection, should be reassigned to Gluconobacter gen. nov.
This demonstration also fits with the classification after Vaughn (1942) (24) adopted in Bergey's Manual of Determinative Bacteriology, 7th edition (1957) . That is, the first group which oxidizes acetic acid to C02 and H2O is to be retained in genus Acetobacter, and the second group which does not oxi-dize acetic acid is to be rearranged to Gluconobacter gen. nov., because the belonging type species A, melanogenus, A, roseus and A. suboxydans are polarly flagellated or non flagellated species with a similar physiology and also gluconic acid accumulators.
In concern with A. oxydans we have nothing to mention about this, as it was not examined in this paper.
A view concerning with systematics of current Acetobacter genus has been recently presented by Brown and Rainbow (1956) (25) by nutritional experiments.
They divided the genus into two divisions whose lactaphilic group corresponds to redefined Acetobacter and glycophilic group corresponds to Acetomonas Leif son respectively, though they concluded that the differentiation of these groups into separated genus is still questionable unless further evidences to merit the separation are to be opened.
The presented experimental data described in detail by the authors are considered to support the generic segregation, thus, in conclusion, we have the opinion to alter the current description of genus Acetobacter and to set a new genus Gluconobacter gen. nov, separated from redefined genus Acetobacter.
Remarkable points of differential characteristics between both genera are shown in Table 8 Finally, as our opinion it should be added that the segregated genus Gluconobacter is reasonably assigned to the family Pseudomonadaceae according to its polar flagellation and non-motile with similar physiology and, the redefined Acetobacter, as it shows no close relationship to those of any existing family, should be assigned at present to the family Acetobacteriaceae which includes only one genus Acetobacter as described in Bergey's Manual of Determinative Bacteriology, 5th edition (1939 
